Changes in salivary amino acid composition during aging by 田中, 庄二 et al.
in vivo 24: 853-856 (2010) 
Changes in Salivary Amino Acid Composition During Aging 
SHOJI TANAKA 1,MAMORU MACHIN01, SAYOKO AKITA 1,YOSHIKO YOKOTE2 and HIROSHI SAKAGAMI3 
Divisions of 10ral Diagnosis and 3Pharmacology, Department of Diagnostic and Therapeutic Sciences, 
Meikai University School of Dentistry, Sakado, Saitama 350・0283,Japan; 
2Faculty of Science, Josai University, Sakado, Saitama 350-0295, Japan 
Abstract. Background.・Ithas been suggested that the 
features of saliva reflect the physiological and psychological 
state of primates as well as subprimates, however, studies 
revealing the relationship between aging and the 
concentrations of sali叩 ryamino acids are limited. Inorder 
to better understand their physiological role, age-related 
changes of salivary amino acids were investigated. Materials 
and Methods: Fortyてfiveparticipants including 5 children 
[6.60土1.67(5・9)years old], 20 adults [46.55±14.68 (23-64) 
years old), and 20 senior citizens [71.60±4.27 (66-82) years 
old] took part in this study. Whole saliva (one sample per 
each person) was collected in the daytime (10:00・11:00or 
14:00・15:00).Salivary amino acids were recovered after 
deproteinization with 5% かichloroacetic acid and 
determined by an amino acid analyzer. Results: Glycine was 
the most abundant amino acid in the saliva. Glycine and 
lysine levels increased sign伊cantly(pく0.05)with aging, 
regardless of gender difference. When the glycine and lysine 
levels were plotted, much higher correlation (pく0.001)was 
observed. On the other hand, there was no significant 
correlation between the salivary concentration of glutamic 
acid or histidine and age. Conclusion: Salivary amino acid 
levels may be regarded as markers of aging. 
Saliva contains various physiologically active substances and 
cells that maintain homeostasis. Several amino acids in saliva 
may affect biological responses. Caries-free adults show 
elevated levels of lysine and arginine in the saliva, as 
compared with caries-susceptible adults (1). A significant 
relationship has been reported between the concentration of 
ammonium and caries preval巴nce(2). Glycine stimulated the 
production of prostaglandin E2 and cyclooxygenas巴－2protein 
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in interleukin-l~－stimulated human gingival fibroblast (3). 
Supplem巴ntationof pigs with tryptoph叩 inthe diet reduced 
the basal plasma cortisol and noradr巴nalineconcentrations (4). 
The major volatile substance of tobacco smoke, acetaldehyde, 
easily dissolves into saliva during smoking. This acetaldehyd巴
can be totally removed by a cysteine-containing tablet which is 
sucked during smoking (5). Endog巴nousglut白natemay alt巴r
hedonic response to suprathreshold umami substances (6). 
There are sp巴cificrec巴ptorsfor inhibitory amino acids 
[glycine and y-aminobutyric acid (GABA)] and stimulatory 
amino acids (glutamic acid) in taste buds, and thes巴amino
acids exert their effects via their r巴spectiver巴ceptors(7-9). 
Changes in salivary composition correlate with dis巴ase
susc巴ptibility,disease stat巴，orboth. However, the use of saliva 
for diagnostic purposes is complicated by th巴gland-specific
effects of circadian rhythm or diurnal variation, and therefore, 
studies of the circadian rhythm of saliva amino acid 
concentrations have been limited (10, 11). W1巴 recently
investigated白巴diurnalchanges of the salivary amino acids in 
three und巴rgraduat巴stud巴nts(12). The results showed that 
there was no apparent changes in most of salivary amino acid 
levels except for during eating and sport, and the ratio of 
glycine/glutamic acid declining under stressful condition 
during巴xaminations(12). This study suggests that salivary 
amino acid levels may be useful to evaluat巴 stressful
conditions. In order to better und巴rstandtheir physiological 
role, we investigated here the possible changes in the salivary 
amino acid composition during aging. 
Materials and Methods 
Collection of saliva. Saliva was collected仕oma total of 45 people 
including 5 children [mean age 6.60士1.67(5-9) years, 2 males and 3 
femal巴s],20 adults [mean age 46.55±14.68 (23-64) years, 16 males 
and 4 females), and 20 senior citizens [mean age 71.60±4.27 (66-82) 
ye釘s,16 males and 4 females] who had medical examinations in 
Meikai University Hospital, according to the Guideline of the 
Intramural Ethics Committee (approved as No. A0842). 
Determination of free amino acids. Whole saliva (one sample per 
each person) was collected into a beaker for 5 minutes in the daytime 
(10:00-11 :0 or 14:00-15:00). Saliva (0.1 ml) was mixed with 0.1 ml 
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of 10% trichloroacetic acid (Wako Pure Chem Co., Tokyo, Japan). 
After centrifugation for 5 minutes at 21,000× g at 4・C,the 
deproteinized supernatant was col巴ctedand stored at -30・C.The 
supernatants (20凶） were subjected to a JLC-500N amino acid 
analyzer (JEOL, Tokyo, Japan) and amino acids were detected by the 
ni叶1ydrinreaction (13). 
Statistical analysis. Statistical treatmen凶wereperformed to delineate 
mean values, standard deviations and correlation coeffici巴nts,using 
the general linear model and ANOVA for multiple comparisons. 
Results 
Salivary amino acids of each participant ar巴shownin Table 
I. Glycine was the most abundant amino acid in the saliva. 
Th巴glycinelevel increas巴dsignificantly (r2=0.328, p<0.05) 
with aging, from children to senior citizens, to r巴acha 
maximum level of 571凶1(Figure I). This trend did not 
change wh巴nth巴totalpopulation was divided into male and 
femal巴groups.
Similarly, th巴salivarylysine level increased significantly 
（♂＝0.373, p<0.05) with aging, reaching a maximum level of 
154ドM (Figure 2). This trend did not change when the total 
population was divided into male and female groups. When the 
glycine and lysine levels were plotted against each other, much 
higher correlation （戸=0.847,p<0.001) was observed (Figure 3). 
On the other hand, th巴rewas no significant corr巴lation
bet we巴nthe salivary concentration of glut創nicacid (r2=0.169) 
(Figure 4) nor出atof histidine (r2=0.201) and age (Fig町巴5).
Discussion 
Th巴presentstudy demonstrated that salivary concentrations of 
glycine and lysin巴weresignificantly elevated during aging 
(Figures 1 and 2). This finding was not simply due to 
haemorrhage, sinc巴otheramino acids, such as glutamic acid 
and histidine, did not show such correlation with ag巴.Rajda 
et al. have reported that the saliva of migraineurs showed 
significantly higher concentration of glutamic acid, s巴rine,
glycine, arginine, and tyrosine as compared with control 
groups, suggesting that amino acids causing hyperexcitability 
in the central nervous system may b巴 linked to the 
pathogen巴sisof migraine (14). Liappis et al. investigated the 
fre巴aminoacid concentration in the saliva of children with 69 
ph巴nylketonuria,and repo口edthat most of th巴aminoacids 
including glycine are巴xcret巴dmuch more poorly as compared 
with control groups (15). It has also been r巴portedthat lacto-
Table I. Age-related salivary amino acid concentrations. 
Salivary amino acid （ドM)
Lys Age (years) Gly GABA Glu His 
Male 
5 
5 
?
??
?
?????????????????????? ?? ??
?
??
? ?
? ， ?
，。 。
29.2 21.7 6.3 
15.7 
7.1 
12.5 
6.9 
5.2 
11.2 
7.6 
7.3 
25.3 
4.8 
47.6 
14.9 
14.7 
8.8 
18.2 
4.9 
9.2 
5.2 
l 1.1 
1.9 
31.7 
8.7 
13.3 
6.0 
49.1 
9.0 
27.8 
22.5 
12.3 
6.l 
8.7 
J0.3 
9.1 
J0.9 
70.0 
18.9 
33.8 
15.9 
8.8 
22.0 
15.2 
18.6 
9.0 
14.9 
28.2 
20.3 
5.1 
43.4 
16.4 
23.2 
154.5 
10.6 
7.6 
5.5 
1.8 
35.5 
59.9 
38.6 
?
? ? 。 。．． ． ?
???
?
?
?
?
?
7.5 5 .4
5.9 
8.6 
19.4 
5.1 
14.6 
8.6 
13.8 
17.9 
17目9
ovo vegetarians had high巴rconcentrations of salivary amino Blank data represent no detection of analyte. 
acids, including glycine, as compar巴dwith the control group 
(16). However, these previous studies have not investigated the 
relationship betw巴enthese創ninoacid changes and aging. 
We also found that inhibitory amino acid, GABA, was stages of periodontal diseases. There are also several reports 
d巴tectableonly in persons of more than 65 years old (2 that indicat巴 thecorrelation between salivary amino acids 
males and 2 females) (Table I). Among th巴sepeople, three and periodontal diseases (17-19), and between caries and 
showed symptoms of hypertension, and one with moderate salivary amino acid lev巴Is(1, 20). However, none of these 
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93.0 
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29.2 
32.9 
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21.9 
40.8 
18.6 
10.0 
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50.7 
128.7 
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36.4 
51.9 
116.2 
101.4 
94.7 
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160.7 
43.6 
277.1 
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68.3 
157.0 
571.1 
58.l 
?
? ?
?
??
?????
???
?
???
5.1 
17.8 
5.6 
12.5 
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7.2 
27目6
16.4 
22.0 
44.9 
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11.6 
14.4 
14.0 
35.6 
4.6 
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4.5 
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44.l 
38.l 
75.5 
16.1 
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278.7 
209.9 
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70.5 
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309.9 
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Figure 4. Changes in salivary ghttamic acid conce11tration duri11g aging. 
Amino acids jト・ommales （・jand females (0) we町 subjectedto amino 
acid analysis目 Therewas no significant correlation between glutamic 
acid level andαge (r2=0.169). 
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Figure 1. Changes in saliνary glycine concentration during aging. 
Amino acids jト・ommales （・jand females (0) were sub.ソectedto amino 
acid anaかsis.Good correlation was fo1111d beれも＇eenglycine level and 
age (r2=0.328, p<0.05). 
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Figure 5. Cha11ges in salivaηp histidi11e concentration during agi11g. 
Amino acids from males f・jand females (0) we陀 subjectedto amino 
acid analysis. There was no sig1ificαnt correlation between histidine 
level and age (r2=0.201). 
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Figure 2. Changes i1 saliva乃7かsineconcentration during aging. Amino 
acids from mα／es （・jand females (0) were subjected to ami110 acid 
a11alysis. Good correlαtion was found between lycine level and age 
(r2=0.373, p<0.05）目
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reports has paid attention to the glycine level. We r巴cently
reported that mouse macrophage-like cells (RAW264.7, 
J774.l) produced higher amounts of glycine when activated 
by lipopolysaccharide (LPS), accompanied by巴levatedserine 
consumption (21). This suggests that the activated 
macrophages in the inflammatory tissues may b巴donorsof 
glycine. Further studies are n巴ededto identify the donor cells 
of amino acids in the oral cavity of periodontal disease 
patients and senior citizens. However, since the sample size 
in our study was small, further studies are recommended on 
a larger sample size with a longer period of surveillance. 
In conclusion, the present study d巴monstratesthat salivary 
glycine and lysine lev巴lsappear to increase during aging, 
regardless of gender, and ther巴wassignificant correlation 
betw巴巴nthe levels of these two amino acids. 
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Figure 3. Correlation between salivary glycine and lysine conce11trations. 
Good correlatio11 was fou11d between leνels of these two amino acids 
(r2=0.847, p<0.001). 
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